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@ Multiplying systeni. 

@ A multiplying system based on the Booth's 
algorithm, comprises a Booth's decoder having 
a first input receiving a multiplier "Y" and a 
second input receiving a mode signal designat- 
ing either a first nmjitiplication of "X x Y" 
(where "X" Is a multiplicand) or a second 
multiplication of "-X x Y". The Booth's de- 
coder generates a Booth's decoded value and a 
sign selection signal to a partial product gener- 
ation circuit which also receives the multip- 
licand "X", so that the partial product 
generation circuit generates either a first partial 
product of "X X Y" or a second partial product 
of "-X X Y" in accordance with the sign selec- 
tion signal. An output of the partial product 
generation circuit is summed by a partial pro- 
duct summing circuit, and an output of the 
partial product summing circuit is added to a 
value "A" stored in an output register by an 
arithmetic unit Thus, the accumulating ac- 
cumulating multiplication "A = A ± X x Y" can 
be executed in the same hardware without us- 
ing a circuit for sign-Inverting the output of the 
partial product summing circuit. 



FIGURE 1 




12 



MULTIPLICAND X 



MULTtPUER 
Y 



mode — I 



BOOTHS 
DECODER 



PARTIAL PRODUCT 
SELECTION SK3NAL 



Z 



PARTIAL PRODUCT 
GENERATION 



SIGN SELECTION 
SIGNAL 



z 



PARTIAL PRODUCT 
SUMMING 



-X/ 

RITHMETIC UNIT 



f 



17 



OUTPUT 
REGISTER 



Q. 
Ill 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 497 622 A2 

Background of the Invention 
Field of the invention 

5 The present invention relates to a multiplying system, and more specifically to a multiplying system for pre- 
fonning an accumulating multiplication expressed by "A = A ± X x V where "A", "X" and T* are in the fom of 
two's complement. 

Description of related art 

10 

Conventionally, when the accumulating multiplication "A = A ± X x where "A", "X" and "Y" are in the 
fomi of two's complement) is perfonmed. a multipllcaTion of "P = X x Y" is first executed. For this purpose, the 
multiplier "Y" is supplied to a Booth's decoder, and an output of the Booth's decoder is supplied together with 
the multiplicand "X" to a partial product generation circuit, so that a partial product is generated. The generated 

15 partial product is summed in a partial product summing circuit, so that "P" (= X x Y) is obtained. Thereafter, 
the calculation of '*A± P" is performed using an arithmetic unit. For this purpose, an output of the partial product 
summing circuit is connected directly to one input of a selector and also through a sign inverting circuit to the 
other input of the selector. An output of the selector is connected to one input of the arithmetic unit, which in 
him has its other input connected to a register holding the value "A ". Thus, when the calculation of "A - P" is 

20 perfomed, the selector supplies an output of the sign inverting circuit to the arithmetic unit, and when the cal- 
culation of "A + P" is perfonned, the selector supplies the output of the partial product summing circuit to the 
arithmetic unit. 

In the above mentioned muliplying system, when the accumulating multiplication "A = A - X x Y" is to be 
executed, a circuit for inverting the sign of the result of multiplication between *X"and "Y" is required. Therefore, 
25 the amount of required hardware is increased, and in addition, the operation speed drops. 

Sumnnary of the Invention 

Accordingly, it is an object of the present invention to provide a multiplying system which has overcome 
30 the above mentioned detect of the conventional one. 

Anotherobjectof the present invention is to provide a multiplying system which requires no circuit for invert- 
ing the sign of the result of multiplication, and which has a simple construction and can execute an arithmetic 
operation at a high speed. 

The above and other objects of the present invention are achieved in accordance with the present invention 
35 by a multiplying system based on the Booth's algorithm, comprising a Booth's decoder having a first input 
receiving a multiplier T" and a second input receiving a mode signal designating either a first multiplication of 
"X X Y" (where "X* is a multiplicand) or a second multiplication of X x Y", the Booth's decoder generating a 
first output indicative of an absolute value of s Booth's decoded value and a second output indicative of an 
exclusive-OR between the mode signal and a sign signal representative of a positive/negative of the Booth's 
40 decoded value. 

With the above mentioned arrangement, the mode signal designating ''A = A + XxVor'*A = A- XxY"is 
supplied together with the multiplier T' to the Booth's decoder, so that the multiplier "Y" is decoded by using 
the mode signal as a selection signal for the multiplier 'T*. Therefore, no circuit for for inverting the sign of the 
result of multiplication is required. 
45 The above and other objects, features and advantages of the present invention will be apparent from the 
following description of preferred embodiments of the invention with reference to the accompanying drawings. 

Brief Description of the Drawings 

50 Figure 1 is a block diagram of an embodiment of the multiplying system in accordance with the present 
invention; 

Figure 2 is block diagram illustrating a structure of the Booth's decoder used in the multiplying system 
shown in Figure 1;and 

Figure 3 is logic circuit diagram IliustFating another structure of the Booth's decoder used in the multiplying 
55 system shown in Figure 1. 
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Description of the Preferred embodiments 

Referring to Figure 1, there is shown a block diagram of an embodiment of the multiplying system in accord- 
ance with the present invention. 

5 A multiplier register 11 for holding a multiplier 'Y" is connected to a second order Booth's decoder 13 so 
as to supply the holed multiplier T" to the Booth's decoder 13. This Booth's decoder 13 also receives a mode 
signal "mode". The Booth's decoder 13 outputs a partial product selection signal and a sign selection signal to 
a partial product generation circuit 14, which is also connected to a multiplicand register 12 so as to receive a 
multiplicand "X. A partial product generated by the partial product generation circuit 14 is supplied to a partial 

10 product summing circuit 15. An output of the partial product suming circuit 15 is connected directly to one input 
of an arithmeric unit 16, which in turn has its other input connected to an output register 17 holding a given 
value "A". 

In the case of multiplying two numbers expressed in the form of two's complement, the multiplier T* is exp- 
ressed by the following equation (2), by using the second order Booth's algorithm expressed by the following 
15 equation (1): 

Ej = -2y2j^.i + y^i (1) 
n-1 



Y = -y„., +Jyj.2^ 



= 2 Ej. . (2) 



where "n" is an odd number not less than 3. 
25 Here, assuming that "Pi = X x Y" and "P2 = -X x Y", "Pi" and "P2" are expressed by the following equations 
(3) and (4) 

P.-X.fip2=J (3) 

30 

P2=-X»2Ei«2^ 

j-0 ' 

= X.Z (-Ej).22^ (4) 



Accordingly, when "Pi " should be obtained, it is sufficient if the second order Booth's decoder 13 decodes 
"Ej", and when "P2" should be obtained, it is sufficient if the second order Booth's decoder 13 decodes "-Ej". 

40 Here, refenring to Figure 2, there is shown a block diagram illustrating a structure of the second order 
Booth's decoder used in the multiplying system shown in Figure 1 . The second order Booth's decoder includes 
a second order Booth's decoding circuit 1 3 A receiving the multiplier "Y" and generating the partial product selec- 
tion signal and a sign signal indicating a positive/negative sign of "Ej". This sign signal is connected to one input 
of an exclusive-OR circuit 13B, which has its other input connected to receive the mode signal indicating which 

45 of the multiplications " X x Y" and "-X x Y" should be executed. Therefore, an output of the exclusive-OR circuit 
13B indicates a sign of the partial product when "Pi " and "P2'' are calculated in the same hardware. 

The decoder 13 is configured in accordance with the equation (1), and input^output values of the decoder 
13 can be expressed by the following truth table: 



50 



55 
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In the above truth table, input values y2H> ^nd are indicative of three continuous bits of the multiplier 
"Y". The mode signal "mode" assumes "1" in the case of the multiplication " X x Y" and "0" in the case of the 
multiplication "-X x Y". On the other hand, the decoder 13 has three selection signals "2x", "x** and *zero" indh 
cating a double of the multiplicand 'X, the multiplicand "X** and zero, respectively. These selection signals are 
selectively activated so as to cause the partial product generation circuit to select any one or ones 
of "2X", "X" and zero. In addition, the decoder 13 has a plus signal"plus" and a minus signal "minus", which 
are altematively activated so as to indicate the sign of the selected output "2X" or "X". 

For example, whien the value of "Ej" in the equation (1 ) is -2, and the nnode signal is "0", the decoded values 
outputted from the decoder is expressed as follows: 

(2x, X, zero, plus, minus) = (1, 0, 0, 0, 1 ) (5) 

Accordingly, the decoder 13 outputs the selection and sign signals in accordance with the truth table men- 
tioned above, and the partial product generation circuit is controlled by the selection and sign signals supplied 
from the decoder 13 so as to generate a partial product. Thus. "(n+1)/2" partial products are summed or totalized 
in the partial product summing circuit 1 5, and the result of summing is added with the value of the output register 
17 by the arithmetic unit 16. The result of the arithmetic operation is outputted to the register 17. Thus, the 
accumulating multiplication can be realized with no circuit for generating the sign-inverted data. 

Refenring to Figure 3, there is shown a logic circuit diagram of another embodiment of the decoder 1 3. The 
shown logic circuit diagram illustrates one of "(n+1)/2" decoders which cooperate to constitute the second order 
Booth's decoder used in the multiplying system shown in Figure 1 . 

The shown decoder includes inverters 41 to 43, 4B, 4D, 4E and 4G to 4J, transfer gates 44 to 47 and 4A, 
two-input NAND gates 48 and 4F, a two-inpur NOR gate 49 and a clocked inverter or tristate inverter 4C, which 
are connected as shown in Figure 3. 
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More specifically, the NAND gate 48 has a first input connected to receive the input signal y^^^ through the 
transfer gate 44 and also to receive the same input signal y^i through the transfer gate 45 and an inverter 41 . 
A second input of the NAND gate 48 is connected to receive the Input signal through the transfer gate 46 
and also to receive the same input signal y^ through the transfer gate 47 and an inverter 42. A p-channel tran- 

5 sistor of each of the transfer gates 44 and 46 and an n-channel transistor of each of the transfer gates 45 and 
47 have their gate connected to receive directly the input signal y^i, and an n-channel transistor of each of 
the transfer gates 44 and 46 and a p-channel transistor of each of the transfer gates 45 and 47 have their gate 
connected to an output of an inverter 43 receiving the the input signal y2j4.i. Therefore, when the Input signal 
y^i assumes the logic value "0", the transfer gates 44 and 46 are put in a signal propagating condition and 

10 the transfer gates 45 and 47 are put in a signal blocking condition. When the input signal y^i assumes the 
logic value "1 the transfer gates 44 and 46 are put in the signal blocking condition and the transfer gates 45 
and 47 are put In the signal propagating condition. 

The Inverter 4D has an input connected to an output of the NAND gate 48 and an output generating the 
output signal "2x''. The inverter 4G has an input connected to an output of the inverter 4D and an output generat- 

15 ing the output signal V. The NOR gate 49 has a pair of Inputs connected to the first and second inputs of the 
NAND gates 48, respectively. The Inverter 4E has an input connected to an output of the NOR gate 49, and 
the Inverter 4 H has an input connected to an output of the inverter 4E and an output generating the output signal 
"zero". 

The NAND gate 4F has a first input connected to the output of the inverter 4E and a second input connected 
20 to receive the Input signal y^i through the transfer gate 4A and also to receive the same Input signal y^^ 
through the tristate inverter 4C. A gate of a p-channel transistor of the transfer gate 4A and a non-Inverting 
control terlmlnal of the thstare inverter 40 are connected to receive the mode signal, and a gate of an n-channel 
transistor of the transfer gate and an inverting control terlmlnal of the tristate inverter 40 are connected to an 
output of the inverter 4B which receives the mode signal at its input. When the mode signal has the logiclevel 
25 "O", the transfer gate 4A is put in the signal propagating condition and the tristate Inverter 40 is put in a high 
impedance, and when the nrKxle signal has the logic level "r, the transfer gate 4A is put in the signal blocking 
condition and the tristate inverter 40 operates as an inverter. The inverter 41 has an Input connected to an output 
of the NAND gate 4F and an output generating the output signal "minus". The inverter 4J has an input connected 
to an output of the Inverter 41 and an output generating the output signal "plus". 
30 As mentioned hereinbefore, input values y2j.i, y^, and y2j+i are three continuous bits of the multiplier "Y". 
The mode signal selects either one of the multiplication " X x Y" and the multiplication "-X x Y". Outputs "2x", 
"x" and "zero" indicate which of partial products "±2X", "fX" and "0" (zero) should be selected. These outputs 
''2x", "x" and "zero" and other outputs "plus" and "minus" are in accordance with the truth table mentioned 
hereinbefore. 

35 For example, when the logic value of y^i is "1" and the logic value of yaj and y^i are "0", and when the 
logic value of the mode signal Is "0", y^ and y^i-i are propagated through the transfer gates 45 and 47 to the 
NAND gate 48 since y^i is of the logic value "1". Namely, since both inputs of the two-input NAND gate 48 
are "1". the inverter 4D outputs the logic vaue "1 ". Accordingly, the output "2x'' becomes the logic level "1", 
and the output V becomes the logic level "0". In addition, since both input of the NOR gate 49 are "1", the 

40 NOR gate 49 outputs the logic value "0". Accordingly, the output "zero" becomes the logic level "0". 

On the other hand, since the mode signal is of the logic value "0", y^+i is propagated through the transfer 
gate 4A. Therefore, since both inputs of the NAND gate 4F are "1", the NAND gate 4F outputs the logic value 
"0". Accordingly, the output "plus" becomes the logic level "0", and the output "minus" becomes the logic level 
"1". 

45 In response to any combination of Input logic values, the decoder shown in Figure 3 generates the five 
output logic value signals in accordance with the truth table shown hereinbefore. In other words, the relation 
between the input logic values and the input logic values of the decoder is completely consistent with the truth 
table shown hereinbefore. 

Therefore, the equation (1) of the second order Booth's algorithm and (-Ej) can be decoded in accordance 
50 with the nDOde signal. Accordingly, an effect similar to that obtained in the first embodiment can be obtained. 

In the above mentioned embodiments, the second order Booth's decoder is used. But, a similar effect can 
be obtained by using a third or further higher order Booth's decoder. 

The invention has thus been shown and described with reference to the specific embodiments. However, 
It should be noted that the present Invention is in no way limited to the details of the Illustrated structures but 
55 changes and modifications may be made within the scope of the appended claims. 
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Claims 
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1. A multiplying system based on the Bootli's algorithm, comprising: 

a Booth's decoder having a first input receiving a multiplier V and a second input receiving a mode 
signal designating either a first multiplication of x Y** (where "X" is a multiplicand) or a second multipli- 
cation of "-X X Y"« said Booth's decoder generating a Booth's decoded value and a sign selection signal; 

a partial product generation circuit receiving said Booth's decoded value, said sign signal, and the 
multiplicand "X". for generating either a first partial product of "X x Y" or a second partial product of "-X x 
Y" in accordance with said sign selection signal; 

a partial product summing circuit receiving an output of said partial product generation circuit; 

an output register for holding a given value "A**; and 

an arithmetic unit receiving an output of said partial product summing circuit and said given value 
"A" for writing the insult of an accumulating multiplication "A = A ± X x Y" into said output register. 



15 2. A multiplying system claimed in Claim 1 wherein said Booth's decoder Includes a Booth's decoding circuit 
receiving said multiplier T' for generating said partial product selection signal and a sign signal indicating 
a positive/negative sign of a value decoded in the Booth's algorithm, and an exdusive-OR circuit having 
a first input receiving said sign signal and a second input receiving said nDode signal for generating said 
sign selection signal indicating a sign of the partial product. 



20 



3. A multiplying system claimed In Claim 1 wherein said Booth's decoder is configured to fulfil the following 
Input/output relation: 
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where input values y^i, y;^, and y^i are indicative of three continuous bits of the multiplier T'; 

"mode" is indicative of said mode signal and assumes "1 " in the case of the multiplication 
"X X Y" and "0" in the case of the multiplication x Y"; 

"2x", ""x" and "zero" indicates a double of the multiplicand "X". the multiplicand "X" and zero, respect- 
ively; 

"plus" and "minus" Indicate the sign of the selected output and are alternatively activated. 

A multiplying system based on the Booth's algorithm, comprising: 

a second order Booth's decoder having a first input receiving a multiplier T* and a second input 
receiving a mode signal designating either a first multiplication of "X x Y" (where "X" Is a multiplicand) or 
a second multiplication of "-X x Y", said second order Booth's decoder being configured to fulfil the fol- 
lowing Input/output relation: 




where input values y2}.i, y^, and y2j+i are indicative of three continuous bits of said multiplier "Y"; 
"mode" is indicative of said mode signal; 

"2x", "x" and "zero" indicates a double of the multiplicand "X". the multiplicand "X" and zero, respect- 
ively; 

"plus " and "minus" indicate the sign of an output selected in by said signal "2x" or "x". 

a partial product generation circuit receiving the multiplicand "X" and said signals "Zx**, V, "zero", 
"plus" and "minus" outputted from said decoder, for generating either a first partial product of "X x Y' or 
a second partial product of "-X x Y" in accordance with said sign selection signals "plus" and "minus"; 

a partial product summing circuit receiving an output of said partial product generation circuit; 
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an output register for holding a given value "A"; and 

an arithmetic unit receiving an output of said partial product summing circuit and said given value 
"A" for writing the result of an accumulating multiplication "A = A ± X x Y" into said output register. 

A multiplying system claimed in Claim 4 wherein said Booth's decoder includes; 

a first NAND gate having a first input connected to receive said input signal y^i through a first trans- 
fer gate and also to receive the same input signal y2\-^ through a second transfer gate and a first inverter, 
a second input of said first NAND gate being connected to receive said input signal y^ through a third trans- 
fer gate and also to receive the same input signal y^^ through a fourth transfer gate and a second inverter, 
said first to fourth transfer gates being controlled by said input signal y2{i>i in such a manner that when 
said input signal y^i assumes the logic value "0", said first and third transfer gates are put in a signal 
propagating condition and said second and fourth transfer gates are put in a signal blocking condition, 
and when said input signal y2^i assumes the logic value "1", said first and third transfer gates are put in 
the signal blocking condition and said second and fourth transfer gates are put in the signal propagating 
condition; 

a third inverter having an input connected to an output of said first NAND gate and an output generat- 
ing said output signal "2x"; 

a fourth inverter having an input connected to an output of said third inverter and an output generat- 
ing said output signal V; 

a NOR gate having a pair of inputs connected to said first and second inputs of said first NAND 
gates, respectively; 

a fifth inverter having an input connected to an output of said NOR gate; 

a sixth inverter having an input connected to an output of said fifth inverter and an output generating 
said output signal "zero"; 

a second NAND gate having a first input connected to said output of said frfth inverter and a second 
input connected to receive said input signal y^i through a fifth transfer gate and also to receive the same 
inputsignal y^i through a instate inverter, said ftflh transfergate and said tristate inverter being controlled 
by said mode signal in such a manner that when said mode signal has the logic level "0", said fifth transfer 
gate is put in the signal propagating condition and said tristate inverter is put in a high impedance, and 
when said mode signal has the logic level **1 said fifth transfer gate is put In the signal blocking condition 
and said tristate inverter operates as an inverter; 

a seventh inverter having an input connected to an output of said second NAND gate and an output 
generating said output signal "minus"; and 

an eighth inverter having an input connected to an output of said seventh inverter and an output 
generating said output signal "plus". 
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